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Some  of  the  factors  affecting  the  behavior  of  motion  systema  and  viaual  aystems 
uaed  simultaneously  are  considered.  In  pertlculer,  the  flight  visual  - motion 
coupling  problem  is  addressed,  with  respect  to  the  necessary  iteration  rates 
of  inputs,  outputs,  and  the  iteration  rates  of  numberical  computations.  Data 
ia  presented  for  several  OFTAlST  having  both  motion  and  visual  systems.  Con- 
clusions and  recommendations  are  drawn,  baaed  upon  the  results  obtained. 
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SECTION  I 
IMTEODUCnON 

Th«  purpei*  of  Chit  Invostlgatlon  to  look  Into  the  various  prob* 

Ions  of  eobrdiiistiiig  tho  bohi^vlor  of  a notion  ayaton  and  a visual  aeons 
as  used  with  a weapons  Syataai' Trainer  (WST)  or  Operational  Flight  train* 

•r  (OFT)  aiimlater.  If  tlia  notion  and  visual  cues  ara  hot  proparty  syn« 
chronisad  with  the  pilot  inputs,  negative  training  effeet  raaulta.  Thus, 
phaie  lag  baeonas  an  inporeant  itan  in  such  an  invaatigation* 

Initially,  the  ij^aeigation  MS  to  addresjed  to  the  following  areas: 

a.  The  overall  flight  trailoar  syaten  analysis  which  would  Include  Che 
fli^C  dynanics,  Che  notion  base  dynsnies  and  tha  alaetro/oMchanical 
coupling  with  a visual  syaten. 

b.  How  the  flight  trainer  utilises  the  capacity  of  the  syaten  to 
realistically  activate  the  motion  base  and  coupled  visual  aysten. 

c.  To  define  the  excursion  envelope  of  notion  base  systens. 

d.  Determine  how  the  aircraft  aerodynanic  nsth  model  is  nc*dified  to 
function  within  the  notion  platfom  envelope.  This  is  inportant  bacausa  the 
aerodynanic  flight  envelope  nomally  exceeds  the  motion  platform  envelope, 
and  a schane  to  wash  out  the  notion  must  be  used. 

Due  to  the  time  eonstraints  with  which  to  gather  data,  reduce  and 
analyse  It,  and  arrive  at  conclusions,  the  entire  scops  could  not  be  in* 
vestigated  to  its  fullest,  liith  this  constraint,  it  was  decided  to  in> 
vestigate  the  fact  of  whether  the  digital  conputer  was  iterating  com* 
putations  at  a sufficient  race,  so  as  to  not  introduce  noticaabla  phase  lag. 
In  a sense,  this  touches  each  ot  »;he  aforensntionad  regions,  but  simulta* 
neously  raveala  there  is  still  much  to  bs  dona  in  each  of  the  areas. 

Itens  considered  Important  In  arriving  at  any  conclusions  were 
gathered  as  data  from  simulators  having  both  motion  and  visual  syitems.  Al* 
though  this  limited  the  number  of  samples,  tha  data  collected  indicates 
trends.  Various  portions  of  the  data  ara  supported  by  a thsoratical  model. 
Topics  considered  relevant  as  data  were  the  following: 

a.  The  natural  frequency  of  the  motion  system 

b.  The  iteration  ratea  of  tha  6DOF  equations  of  motion  used  in  the 
computer 

c.  Tha  sampling  rate  for  the  stick  Input  to  the  computer 

d.  The  output  rate  from  the  computer  to  the  motion  system 

e.  The  output  rate  from  tha  computer  to  the  visual  system 
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f.  The  dyntmlc  paramet:«rs  of  the  viaual  •ytcem  gantry 

g.  Properties  of  the  visual  system  iu  general. 

With  respect  to  the  viaual  system,  n*jst  have  a cathode-ray  tube  for 
the  visual  preaentatibn.  Due  to  the  various  phosphorus  that  can  coat  the 
tube,  and  the  associated  persistence  of  the  particular  phosphor,  the  rate 
of  update  to  the  screen  can  vary,  and  a flicker  problem  can- or  eaphot  be 
evident.  Phosphors  with  the  ability  to  retain  the  Illumination  for  Icof 
periods  of  time  vould  require  a slower  update  rate,  Beceuae  of  this 
variable,  the  various  visual  preientatlon  kisthods  and  update  rates  to  the 
phosphor  screen  bring  a new  variable  into  the  study.  Thirefora,  the  ..update 
rate  to  the  visual  System  is  mantioned  wlthput  consideration  to  the  per- 
sistence aspect. 

Of  the  tralnera  for  which  information  was  gathered,  one  had  a model 
boerd  TV  system,  one  had  a Variable  Amrphic  Motion  Picture  (VAMP)  system 
and  two  had  a computer  generated  visual  scene. 

The  hydraulic  motion  system  providing  the  accelaraticn  cues  to  the 
pilot  is  assumed  to  operate  in  a smooch  mann*r,,  as  well,  as  having  the  com- 
puter outputa  smoothed  by  some  algorithm  scheme,  providing  smoothness  in 
the  motion  system  is  s problem  external  to  the  scope  of  this  InvSstigstion. 


SECTION  II 

MODEL  AND  THEORETICAL  CONSIDERATIONS 

A model  of  the  ssmpled-date , hydraulically  driven  motion  base  system 
was  established,  and  an  analysis  performed  on  the  model.  It  was  desired 
to  determine  if  any  correlation  existed  in  data  obtained  from  simulators  in 
the  field  end  the  theoretical  analysis. 

To  establish  the  minimum  sampling  race  required,  a model  is  set  forth. 
Tne  model  is  assumed  to  have  a sero  order  hold,  representing  the  sample  race 
and  digital  computer,  followed  by  a second  order  system  indicative  of  the 
hydraulic  motion  system.  The  motion  system  generates  both  position  and 
velocity  feedback  signals.  The  error  signals  are  then  formed  from  the 
computations  based  on  pilot  input  ’•nd  feedback  signals  from  Che  motion 
system.  A block  diagram  for  a system  of  this  nature  is  shown  in  figure  1. 

The  Laplace  transform  representation  of  the  open  loop  transfer 
function  of  figure  1. 
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...  'll*  !**•••  Phlft  wilX  b«  a rttule  of  tha  coolna  taini.  Iho  Link  6DOT. 
^tnclrotroka  Mtlon  ayataa  has  a parfonMnea  or45  dagrasa  phaaa  lag^t 

«■.  »•  daavlng  11  aaUMtad  to 

thTaalilil!  tiil  JPti^  (0.7),  Uilag  this  Irifonuition  at  baialim  data, 
tna  aaopiing  tioa,  T,  can  ba  eonputad. 


* Oaiflilng  factor  of  ^ ? 0.5  tha  Intaraction  rata  should  ba  20.8 
itaratioaa  par  aaeood  to  allow  45  dagraai  phasa  lag.  Pot  Old  tha  itar« 

•hould  ba  17.8  itarattons  par  lacond.  Thaia  vaLai  agcaa  closaly 
tlMS^^  ItaraUon  ratal  balng  uiad  on  tralnars  in  tha  flald  of  15  or  20 
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sBcnoi  in 

TMIMBllS  AMD  DATA 

\ 

Tha  (rainars  for  iMiieh  data  ia  liafcad  ara  tha  fellowlngt  Davlca  2F86, 
a aiaulator  for  tha  FAB  Thaatoa  II  aircraft*,  Davlca  2r$0,  a alaulator  for 
tha  TAAJ  Skyhavk  aifcrA  Oavlca  2Ft03,  a ilMilator  for  dia  A7E  Coraalr  IX 
Aircraft  ill||ht  Carrier  Landing  Tralnar}  and  Baatarn  Airllna'a  L«I011  Triitar 
Aircraft  SinuUter.  Tha  flrac  thraa  aircraft  ara  hi|h  par fornanca  flj^tar 
or  attack,  nllltary  J«^t  aircraft,  tha  lattar  haing  a Vida  body  coaawrcial 
jtaibe  jat  for  fiaaahj^r  triaapbrfatioa. 

In  cohaidariag  tha  acopa  and  objactivaa  of  tha  invaatlgation,  tha 
folloniag  topica  vara  daaiaad  partiaant  in  collacting  aupporting  datai 

a,  Tha  rata  at  bhieh  tha  computer  racclvaa  naw  inputa  fron  tha 
pilot '■  atiek 

b.  Tha  rata  at  vhich  tha  eomputar  itarataa  tha  computationa  tha  aix 
dcgrcc*of-fraadoai  aquatlona 

e.  Tha  rata  at  which  tha  eomputar  and/or  tha  D/A  convartar  updatac 
tha  motion  baia  poaition 

d.  Tha  output  rata  from  tha  computer  to  tha  viiual  ayatan 

a.  Tha  dynamic  paramatara  of  tha  motion  baaa  ayatam  aueh  aa  natural 
fraquaney,  damping  factor  or  tina  conatanta 

f.  Tha  phyaieal  capabilitiaa  of  tha  motion  haao  aueh  aa  aMximum 
travel,  maximum  pitch,  roll,  yaw,  maximum  velocity  and  acceleration  in  each 
of  tha  aix  axaa 

g.  The  meana  by  which  tha  viaual  diaplay  ia  genaratad  and  diaplayed. 
The  praaantation  of  table  1 givee  a condanaad  tabular  form  of  the  data 
collected. 
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8ICTKM  XV 
DISCUSSION 

Ih«  ■laulitpr  for  th«  A7I  aircraft  to  train  pilota  for  nisht  carrier 
landing  pfovldad  aueh  data,  both  in  tha  Botloo  and  visual  aroaa  of  incaraat. 
The  vlaual  dlaplap  la  eo^^^  tiB*ratad.,and  eyelad  at  a rata  o^  23  tiaas 
par  sbeead^  Tha  aaipliag  rata  of  tha  stick  for  aotloa  and  visual  is  under 
tha  axacutlvs  prograai  eontrol  ivithln  tha  digital  coaqpu tar  , and  thuib  this 
pariMCar  varias  In  tlaa/^  A tiila  variaaea  axlsta,  tha  MCIT  opar* 

ationeV  progran  asecutlva  la  cycled  at  a niniaun  of  33  tiaas  par  sacend. 

Tha  aaredynaaic  aeuations  uaad  by  tha  digital  coaputar  for  tha  ATI  air* 
craft  were  noted  to  ba  radocad  froa  coupled  aacond  order  differential  aqua* 
tions  to  ordinary  first  order  differential  equations.^ 

Tuo  different  «ash*out  equations  ara  uaed 
2F103,  The  genoraV  fern  of  the  uashout  filter 

Jacta  tha  lou  frequency  signala  and  paasaa  tha 
In  a plot  of  aaplltude  ratio  va  frequency  this 
shoim  in  figure  2,  . 


rigura  2.  Praquaney  Characcaristies  of  a Typical  Washout  Plltar 


In  tha  roll  axis,  0,  tha  tine  constant T !■  2 sac,  giving  a break 
frequency  of  F*0.079  Ha.  Tha  Yaw,  y.  , and  pitch,  9,  motion  both  have  tha 
sane  time  constant  associated  with  thamt  T rz,  1,5  saconda.  This  reaults 
in  a break  frequency  of  O.lOd  Hs. 

Tha  iihysical  capebilltias  of  tha  notion  aystam  for  the  2F103  are  as 
follows t 


on  tha  ATI  NCtT,  Device 
ia  7''!  , This  filter  re* 

• yvf-  / 

higher  frequency  aignala, 
appears  as  the  Bode  plot 


^Technical  Manual  * HAVTKADBV  F-3690 


6 


NAVTBAKQUXPCBN  TN-42 


pitch,  9 

^ position 

velocity 

accalaration 

10  dagraeo 

16  deg/sec 

2 

ISO  dag/aee 

roll,  # 

- 20  dagraes 

32  deg/see 

360  dag/aee 

Yav, 

• 10  degrees 

18  deg/ssc 

ISO  dag/sec 

This  particular  mbCion  aysten 

is  Supported  at 

the  rear  of  the  cockpit  and 

!•  erasldarad  to  bo  o throo  dogroo*of*froodotti  motion  booo. 

Dovleo  2P90  to  tho  oimulotor  for  tho  TA4J  Skyhomk  Aircraft.  Thio 
training  dovieo  haa  a hydraulically  drivon  notion  baaa  and  a eonputor  gon*> 
oratod  vliual  diaplay  that  la  projaetad  on  a aeraon  in  front  of  tho  cockpit. 

A Nova  800  eonputor  intorfacoa  tho  viaual  ayaton  and  tha  motion  baaa.^ 

Tho  atiek  Inputa  from  tho  pilototrainao  ara  aamplod  at  a rata  of  20 
ttmoa  par  aacond.  Thia  aama  aanplo  rate  la  alao  uaod  on  tha  itaration  of 
tha  aolutiona  to  tha  aircraft  aix  dograa*of-froadon  aarodynanlc  aquationa 
and  tha  rata  at  vhleh  tha  eonputor  oUtputa  updated  data  to  tha  motion  ayatom. 
Tho  eonputor  outputa  data  to  tho  viaual  ayatan  at  20  tinea  par  aacond,  but 
tho  viaual  Itarationa  ara  30  tiu.c«  par  aacond. 

Phyalcally,  tha  motion  baao  of  Dovieo  2F90  oparataa  at  1000  pal  hy- 
draulic praaaura,  and  can  pitch  t IS  dagroaa,  roll  t 15  dagraaa,  and  haa  a 
vortical  tranalation  of  t 6 inehoa. 

Tha  fol loving  infomatlon  vaa  obtained  from  Slngar-Link  paraonnal  on 
tho  FAB  He.  18  Simulator.  Thia  ainulator  haa  a Link  48«ineh  6DC^  motion 
baaa,  which  haa  a bondpaaa  of  up  to  2 or  3 Ha. 

Tha  itaration  rata  for  tho  aerodynamic  motion  affacta  and  tho  motion 
ayatom  lag  length  computationo  ara  done  at  a rote  of  10  itarationa  par  aoc- 
ond.  Tha  Advanced  Student  Undergraduate  Pilot  Trainer  (ASUPT)  haa  IS 
itcrationa  per  aecond  and  eonaldorad  aomo^at  marginal.  Tho  miacollanaoua 
motion  effecta  vhich  include  runvay  rumble,  apoad  brakaa , gear  and  flap 
effeeta  ara  done  at  20  itarationa  per  aacond. 

Tha  sampling  rata  for  the  atick  input  to  tha  computer  la  20  itarationa 
per  aacond.  It  might  be  noted  that  soma  commercial  almulatora  usa  10 
itarationa  per  second. 

Output  rata  from  the  eonputor  to  tha  motion  ayatom  is  dependant  on  tha 
digital  to  analog  converters.  All  tha  D/A  converters  on  thia  particular 
simulator  aro  outputted  at  a rate  of  20  per  second,  but  since  tha  aero- 
dynamic aquationa  ara  computed  only  10  times  per  second,  their  affective 
output  rate  is  10  per  aecond. 
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Th«  SlngVT  Mark  5 visual  ayataa  to  be  used  with  this  eimulaCDr  la 
•till  under  conatructlon.  the  gantry-canera  arrangeg«nt  la  cxpactad  to 
have  a reapoaaa  to  6 Ha  or  greater. 

laatarn  Alrltnas  haa  a Singer  60«ineh  6 DOF  aiaailator  Inatallad  at 
their  Miami  training  facility.  Thla  aimulator  ia  for  the  Lockheed  wide 
body  L*1011  aircraft. 

The  rata  at  which  the  input  ia  sampled,  and  at  which  the  computer 
iterates  the  6 DOF  aerodynamic  aquatieaa  la  20  tlmas  per  second. 

The  rate  at  which  the  motion  system  and  visual  system  receive  updated 
outputs  from  the  eoaiputer  is  dependent  on  how  the  data  ia  stored  in  the  D/A 
converters.  Due  to  this  fact,  it  can  ho  20  or  10  times  per  second.  The 
visual  system  IS  the  VAMP  type  display. 

Several  additional  simulators  are  known  to  exist  that  have  both  visual 
and  notion  systems,  which  were  net  considered.  These  simulators  are  for 
transport  sise  aircraft  and  not  high  response  fishter  or  attack  type  air* 
craft. 

Three  of  these  are  eonmercial  simulators  and  mi^t  ba  of  interest  for 
transport  sise  aircraft.  These  are  located  at  Northwest  Airlines  in 
Minneapolis,  Minnesota,  United  Airlines  in  Denver,  Colorado,  and  American 
Airlines  at  Fort  Worth,  Taxes. 

Also  in  the  line  of  larger  aircraft  is  the  simulator  for  the  B*1 
bomber.  This  simulator  is  located  at  North  American  Rockwall  in  Los 
Angeles,  California. 

The  simulators  are  currently  under  construction  at  the  Singsr*Link 
plant  in  Binghamton,  New  York.  One  is  the  Air*to*Air  Combat  Simulator 
built  on  the  Link  60*lneh  6 DOF  motion  system.  The  ether  is  ASUPT.  The 
latter  is  for  the  T*37  aircraft,  while  the  former  can  ba  progranmed  as  an 
F"A,  F*IS,  or  other  high  performance  aircraft. 

The  ASUPT  simulator  in  late  sumner  1973  was  being  transferred  to 
Williams  AFB,  Arizona,  having  completed  the  in-plant  acceptance  testing  at 
Singer-Link  in  Binghamton,  New  York. 

Data  on  both  of  these  simulators  should  be  availabla  in  ths  future. 
Data  on  the  larger,  slower  responding  aircraft  might  bs  of  interest,  but 
in  light  of  smaller  attack-fighter  type  aircraft,  the  data  on  the  ASUPT  and 
Air-to-Air  Combat  Simulator  would  be  more  sigrifieant. 
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B«s«d  on  th«  thneratleal  «n«lyais  and  data  collactad  on  almulatora  In 
tha  fiald,  Itaratlon  rataa  of  20  tlnaa  par  aacond  for  attack  and  fightar 
typa  aircraft  appear  to  ba  appropriate.  The  Singer-Link  Air  Force  A8UF 
aimulator  for  tha  T-37  aircraft  waa  infernally  Judged  marginal  uiing 
iteration  rataa  of  IS  timea  per  aacond  while  10  timaa  per  aacond  aeana  to  be 
adequate  for  commercial  typa  aircraft.  Conaidering  tha  manauvera  and  par- 
foroanca  ability  of  the  varioua  typea  of  aircraft,  thaae  figurea  do  not 
ai^aar  to  be  misaligned.  The  notion  base  update  rate  of  20  tlnaa  per  second 
appears  to  be  bsaaliiie  for  fighter  typa  aircraft.  The  visual  prsaantatlon 
data  tends  to  support  an  update  rate  of  30  timea  per  aacond. 


SrcTlOH  VI 
RECOMKENDATXOMS 

Zt  was  discovered  during  the  execution  of  the  work  contained  herein 
that  basic  areas  were  in  naaJ  of  further  investigation  and  could  possibly 
serve  as  topics  for  further  study. 

In  collecting  tha  data  pertinent  herein  it  became  apparent  that  tha 
information  flow  path  from  the  pilot  input,  through  the  computer,  to  the 
motion  system  is  not  clearly  defined.  Such  a definition  in  this  particular 
area  could  conceivably  result  in  a better  training  device  by  aiding  the  manu- 
facturer, and  resulting  in  a more  acceptable  motion  system. 

Through  discussions  with  various  pereonnal  in  gathering  information  for 
the  visual  system  behavior,  the  signal  path  again  appears  to  be  non-defined 
and  in  some  eases  even  misaligned  in  the  expedient  flow  of  signals  resulting 
in  unwanted  phase  lag.  Further  investigations  in  this  particular  area 
appears  to  be  a worthwhile  effort. 

The  means  in  which  the  digital  computer  arrives  at  commands  to  the 
visual  and/or  motion  system  is  eomewtiat  unclear  too.  Whether  the  use  of 
second  order,  coupled,  differential  equations,  or  eimplified  first  order 
differential  equations  is  sufficient  appears  to  be  a topic  worthy  of  further 
study. 


As  a final  recommendation,  possible  further  work  in  the  area  of  washout 
filters  and  washout  schamas  could  ba  conaiderad.  This  area  is  one  in  tdiieh 
understanding  and  raaaon  saam  to  ba  almost  emperleal. 

In  any  of  theaa  four  araaa,  further  etudy  and  Inveatlgation  might 
prova  advantageoua  in  the  procuramant  and  utilisation  of  OFT/WST  uaad  to 
train  pllota.  As  a rasult  batter  trained  personnel  would  be  ready  for  duty. 
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